Abstract Mesenchymal stem cells (MSCs) are able to self-renew and have multi-lineage differentiation potential. However, studies on ovine umbilical cordderived MSCs (UC-MSCs) are limited. Our study aimed to isolate and characterize ovine UC-MSCs. We successfully isolated ovine UC-MSCs and defined their surface marker profile using immunofluorescence analysis. Ovine UC-MSCs were found to be positive for cell surface markers CD13, CD29, CD44, CD90, and CD106, and negative for cell surface marker CD45. Assessment of the proliferation potential of ovine UC-MSCs showed that from day 3 of cultivation a plateau phase was reached. And compare to passage 10, 15, 20 cells, passage 5 cells proliferating the fastest. Differentiation of ovine UC-MSCs into adipocytes, osteocytes, and chondrocytes was also demonstrated by staining for tissue-specific markers and using quantitative real-time polymerase chain reaction for specific marker gene expression. This study demonstrates the existence of a MSC population within the ovine umbilical cord, which maintained a normal karyotype up to passage 20.
Introduction
Mesenchymal stem cells (MSCs) undergo self-renew and permit multi-lineage differentiation into various tissues, including bone, cartilage, fat, tendon, muscle, and marrow stroma (Pittenger et al. 1999) . MSCs express a number of defined surface markers and are negative for hematopoietic and macrophage markers (Liu and Han 2008) . Experimental and clinical data demonstrate that MSCs possess low immunogenicity and have immunomodulatory capacity (Le Blanc and Ringdén 2006) . Currently, MSCs are considered as a good candidate source for regenerative medicine and tissue engineering (Farini et al. 2014) .
MSCs have been isolated from different tissues, including bone marrow (Rentsch et al. 2010) , synovial membrane (Ando et al. 2012) , adipose (Gruber et al. 2011) , umbilical cord blood (Barker and Wagner 2003) , and placenta (In't Anker et al. 2004; Miao et al. 2006) . Compared to bone marrow-derived MSCs (BM-MSCs), umbilical cord-derived MSCs (UCMSCs) share more common genes with embryonic (ESCs) and have a faster self-renewal capacity (Hsieh et al. 2010 ). Compared to ESCs, UCMSCs do not form teratomas when injected into NOD/ SCID mice (Fong et al. 2007 ). UC-MSCs are reported to be a compatible stem cell source for allogeneic transplantation therapy, as they do not elicit immune rejection (Fong et al. 2011) . Furthermore, the acquisition process of UC-MSCs is easy and non-invasive to donors.
Owing to different sensitive and behavior of MSCs to biological elements and skeletal components, MSC applications in regeneration of bone tissue were varied in species (Caplan and Bruder 2001) . Compared to other large animals, ovine is ideal animal model because of ease of handling, housing, cost, and greater ethical acceptance. To date, the majority of research into ovine MSCs has been focused on bone marrow (McCarty et al. 2009 ), peripheral blood (Lyahyai et al. 2012) , liver, adipose tissue (Heidari et al. 2013) , and amniotic fluid (Fei et al. 2013) . However, research into MSCs derived from ovine umbilical cord is minimal. Our study shows that ovine UC-MSCs can be successfully isolated and characterized, demonstrating a tri-lineage differentiation capacity. Here, we report on a novel source of ovine MSCs, which provides a basis for further investigation into ovine UC-MSCs.
Materials and methods

Isolation and culture of ovine UC-MSCs
Umbilical cords were obtained from sheep at 4-8 weeks of pregnancy, and were prepared using the enzymatic digestion method. Briefly, ovine umbilical cords were chopped into 1-mm 3 tissue fragments, followed by addition of 0.1% collagenase type II (Sigma, St Louis, MO, USA) with digestion for 1 h at 37°C. Tissue fragments were then incubated in 0.25% trypsin (Gibco, Grand Island, NY, USA) for 30 min. The resultant mixture was filtered through a 200-lm mesh screen to remove non-digested tissue prior to being washed three times with phosphate-buffered saline. Cells were resuspended in growth medium (GM) and plated at a density of 1 9 10 5 cells/cm 2 in 10-mm cell culture dishes (Corning, NY, USA) with incubation at 37°C in 5% CO 2 . GM comprised Dulbecco's modified Eagle's medium (F-12, HyClone; Thermo Scientific, Beijing, China), 5% fetal bovine serum (FBS; Gibco, Carlsbad, CA, USA),10 mM Glutamax (Gibco, Carlsbad, CA, USA), 2 ng/mL basic fibroblast growth factor (bFGF; PeproTech inc., Rocky hill, nJ, USA), 10 ng/mL of epidermal growth factor (Sigma, St. Louis, Mo, USA), 0.1 lM dexamethasome (Sigma, St. Louis, Mo, USA), and 100 U/mL penicillin/streptomycin (Gibco, Carlsbad, CA, USA). GM was replaced every 3 days and on reaching approximately 80% confluence, cells were dissociated using 0.25% trypsin-EDTA (Gibco, Carlsbad, CA, USA) and reseeded under identical conditions at a split ratio of 1:3. All procedures were carried out under aseptic conditions.
Immunofluorescence analysis of ovine UC-MSC surface markers
Passage 5 ovine UC-MSCs (80% confluence) were harvested with 0.25% trypsin-EDTA and seeded into 6 well-plates at a density of 3 9 10 4 cells/cm 2 . After 24 h, ovine UC-MSCs were fixed with 4% formaldehyde for 30 min, then incubated with rabbit antimouse CD29, CD13, CD44, CD45, CD90 and CD106 primary antibodies (all purchased from Boster Biological Technology, Wuhan, China). All antibodies were at a 1:100 dilution with overnight exposure at 4°C. Cells were then treated with sheep anti-rabbit IgG secondary antibodies (Boster Biological Technology, Wuhan, China) at a working dilution of 1:100 for 2 h at room temperature. Finally stained with stained cell nucleus with 4-6-diamidino-2-phenylindole (DAPI) for 15-30 min. Stained ovine UC-MSCs were then analyzed with Lecia Application Suite V4 software.
Cell proliferation of ovine UC-MSCs
To confirm the cell proliferation potential of ovine UC-MSCs, cells at passage 5, 10, 15, and 20 were seeded into 96-well plates at a concentration of 2 9 10 4 cells/mL and cultured in GM for 7 days. On days 1-7, 10 lL of fluorescent solution which prepared by Cell Counting Kit-8 (CCK-8; Beyotime Institute of Biotechnology, Nantong, Jiangsu, China) was added to each well and incubated for 4 h. The absorbance at 450/650 nm was measured using a Varioskan Flash instrument (Thermo Scientific, USA). GraphPad Prism 5 was then used to determine the mean values and create the growth curve.
In-vitro adipogenic, osteogenic, and chondrogenic differentiation Ovine UC-MSCs were seeded into 6-well plates at a density of 1 9 10 4 cells/cm 2 in GM for 24 h. The medium was then replaced with either adipogenic, osteogenic, or chondrogenic induction medium (described below) for 21 days prior to differentiation analysis. For control samples, equal cell numbers were cultured in GM.
Adipogenic induction medium comprised Iscove's modified Dulbecco's medium (IMDM, Hyclone), 10% FBS, 10 mM Glutamax (Gibco, Carlsbad, CA, USA), 1 lM dexamethasone (Solarbio, Beijing, China), 0.5 mM isobutyl methyl xanthine, 5 lg/mL insulin, and 60 lM indomethacin. Control and induced ovine UC-MSCs were stained with Oil Red O (SigmaAldrich) to observe lipid droplet formation.
Osteogenic induction medium comprised IMDM,10% FBS, 0.05 mM ascorbic acid, 10 mM Glutamax (Gibco, Carlsbad, CA, USA), 100 nM dexamethasone (Solarbio, Beijing, China), and 10 mM b-glycerol phosphate (Sigma, St. Louis, Mo, USA). Control and induced ovine UC-MSCs were stained with AgNO 3 (Sigma, St. Louis, Mo, USA) then counter-stained in hematoxylin (Sigma, St. Louis, Mo, USA).
Chondrogenic induction medium comprised IMDM, 10% FBS, 100 nM dexamethasone, 10 mM Glutamax, 50 lg/mL ascorbic acid, and 10 ng/mL human transforming growth factor-beta 1 (TGF-b1). Control and induced ovine UC-MSCs were stained with Alcian blue (Sigma, St. Louis, Mo, USA) to identify acid mucopolysaccharide synthesis. All samples were assessed in duplicate.
Real-time quantitative polymerase chain reaction (RT-qPCR) of ovine UC-MSCs
To determine the ovine UC-MSC differentiation potential, differentiation genes were assessed by RTqPCR. Total mRNA was extracted from control and induced cells by TRIzol TM reagent (Invitrogen, Mount Waverley, Victoria, Australia). Differentiation gene primers were designed by Takara (Table 1 , Takara, Dalian, China). cDNA synthesis was performed using PrimeScript TM RT Master Mix (Takara). Amplification experiments were performed in triplicate using Fast SYBR Ò Premix Ex Taq TM II (Takara) and the StepOne TM Real Time System (Takara). Levels of gene expression were determined using the comparative -2 DDCt method. The housekeeping gene glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was used to normalize the expression levels for each gene. Statistical significance was defined as P \ 0.05.
Karyotype analysis of ovine UC-MSCs
Passage 20 ovine UC-MSCs were plated into 10-mm cell culture dishes at a density of 3 9 10 4 /cm 2 . During growth up to 50% confluence, cells were incubated with 1 lg/mL colchicines (Sigma, St. Louis, Mo, USA) for 2.5 h at 37°C. The cell suspension was then harvested and treated with hypotonic solution for 45 min. Finally, the cells were stained with Giemsa at a dilution of 1:100 and examined under a light microscope (Nikon, E100).
Statistical analysis
Values are presented as mean ± standard deviation (SD) of at least three independent experiments (*P \ 0.05, **P \ 0.01, and ***P \ 0.001 for statistically significant differences). Data analysis was carried out using GraphPad Prism 5. Pearson correction tests are widely used in statistics to degree of the relationship between linear related variables, the P value tested by SPSS19.0 software.
Results
Isolation and expansion of ovine UC-MSCs
Ovine UC-MSCs were successfully isolated and culture expanded following plastic surface adherence up to passage 20. Morphology observation showed that ovine UC-MSCs were typical fibroblast-like cells, with no differences in morphology between passage 5 and 20 (Fig. 1a, b) . Karyotype analysis determined that passage 20 ovine UC-MSCs were diploid cells with normal chromosome numbers (Fig. 1c) .
Proliferation ability of ovine UC-MSCs in vitro
Ovine UC-MSCs at passage 5, 10, 15 and 20 were seeded into 96-well plates at same densities and assessed for proliferation ability over 7 days. The results showed that on 3rd day ovine UC-MSCs had strongest proliferation ability at passage 5, 10, 15 and 20. It is demonstrated that the doubling times of ovine UC-MSCs were every 3rd day at passage 5 through to passage 20, with the most rapid proliferation occurring in passage 5 cells (Fig. 2) .
Immunophenotype of ovine UC-MSCs
To characterize ovine UC-MSCs, expression of mesenchymal and hematopoietic lineage markers were detected by immunofluorescence analysis. The results showed that compare to control group (a, c, e, g, h) (Fig. 3) , ovine UC-MSCs were positive for CD29 (b), CD13 (d), CD44 (f), CD90 (j), CD106 (l), and negative for leukocyte common antigen CD45 (h) (Fig. 3) .
Chondrogenic differentiation
After cultured in chondrogenic differentiation medium for 21 days, ovine UC-MSCs showed a multilayer matrix-rich morphology and formed chondrogenic pellets (Fig. 4a, b) . We discovered that differentiated h stained with CD45 antibody, j stained with CD90 antibody, l stained with CD106. Counterstaining of nuclei was carried out by DAPI (blue). All representative samples are shown at 9 100 magnification cells were positive for acid mucopolysaccharides, which can be found through staining Alcian blue in differentiated cells. Both biglycan (BGN) and lumican (LUM) chondrogenic differentiation markers were highly expressed at days 7, 14, and 21 compared with the control cells. Expression levels of BGN and LUM genes were up-regulated in a time-dependent manner (Fig. 4c, d ).
Osteogenic differentiation
Culture of UC-MSCs in osteogenic induction medium stimulated the spindle-shaped cells to flatten and broaden. After staining with silver nitrate (AgNO 3 ), characteristic calcium phosphated eposits were visible after 21 days (Fig. 5a, b ).This change in morphology was not observed in the control cells. Determination of osteogenic differentiation genes revealed that the level of bone gamma-carboxyglutamate (gla) protein, or osteocalcin (BGLAP), was significantly up-regulated in a time-dependent manner (Fig. 5c ).
Adipogenic differentiation
Ovine UC-MSC adipogenic differentiation was perceived by significant changes in morphology and spontaneous small lipid droplets formation, identified by oil red O staining (Fig. 6a, b) . Stearoyl-CoA desaturase (SCD), the gene specifically expressed in adipocytes, was found expressed in differentiation period (Fig. 6c) . 
Discussion
Ovine MSCs have been isolated from several sources, including bone marrow, peripheral blood, liver, adipose tissue, and amniotic fluid (McCarty et al. 2009; Lyahyai et al. 2012; Heidari et al. 2013; Fei et al. 2013) . Here in, we describe for the first time the isolation, characterization, and differentiation potential of MSCs obtained from ovine umbilical cord tissue. Plastic adherence is one of the most obvious characteristics of MSCs. Our study showed that ovine UC-MSCs adhered to plastic and displayed a fibroblastic-like morphology, similar to those reported from other species, including goat (Silva Filho et al. 2014) , equine (Vidal et al. 2012) , bovine (Cortes et al. 2013) , and human (Lu et al. 2006) . Rentsch et al. (2010) reported that ovine BM-MSC proliferated after Day 10 no more. However, our study demonstrated that after Day 5, the cell number of ovine UC-MSC didn't increase in culture. The discrimination of growth characteristic between ovine BM-MSCs and UCMSCs might result from the different sources.
Surface markers are another standard method to identify MSCs. Our study demonstrated that ovine UC-MSCs were positive for CD29, CD44, CD90, CD13, CD106, and negative for the hematopoietic cell marker CD45, which corresponds to the MSC surface markers specified by the Tissue Stem Cell Committee from the International Society for Cellular Therapy (Dominici et al. 2006) . Among these surface antigens, CD29 and CD44 were reported to be uniformly expressed on ovine MSCs from different tissue sources (Godoy et al. 2014) . Compared to human UC-MSCs, which display surface markers CD13, CD29 (integrin b1), and CD90 (Thy-1), but not CD45, our report showed that there was no significant difference between human and ovine UC-MSCs.
During osteogenic differentiation, calcium phosphate deposition and osteogenic-specific gene expression were tested. BGLAP is a bone-specific gene required for matrix mineralization (Hauschka et al. 1989; Ryoo et al. 1997; Hoffmann et al. 1994) . Alkaline phosphatase and osteocalcin are known to be upregulated during human BM-MSC osteogenic differentiation (Açil et al. 2014) . In ovine UB-MSCs, BGLAP was found to be up-regulatedand maximally expressed at day 21. Analogously, during the process of mouse adipose tissue-derived MSC osteogenic differentiation, BGLAP was detected only in differentiated cells (Teotia et al. 2013) . Consisted with our research, other studies on ovine MSCs also report expression of osteocalcin (Niemeyer et al. 2010; Boos et al. 2011) .
During the process of ovine UC-MSC adipogenic differentiation, lipid droplet formation and adipocyterelated markers were detected. SCD is uniquely expressed in adipocytes and plays a key role in cellular metabolism by catalyzing rate-limiting enzymes in the synthesis of unsaturated fatty acids (Kim and Ntambi 1996) . During the process of adipogenesis, expression of SCD was found to be up-regulated in ovine UC-MSCs. It has previously been demonstrated that peroxisome proliferator-activated receptor-c (PPARc) might play a key role in adipogenesis by binding to the enhancer of adipocytespecific genes, such as lipoprotein lipase(LPL), leptin, fatty acid binding protein, and the adipocyte P2 gene (aP2) (Rosen and Spiegelman 2001; Tontonoz et al. 1994) .
Chondrogenic differentiation was confirmed positive by staining Alcian blue and it also showed that BGN and LUM genes were highly expressed. BGN, a member of the small leucine repeat proteoglycan family (SLRP), was localized on the X chromosome (Wadhwa et al. 2004 ). Bianco et al. (1990) found that BGN was highly expressed in cartilaginous and bony components of developing bones. LUM also is member of the SLRP family, with high expression levels reported in adult articular chondrocytes (Kao et al. 2006; Judy et al. 1995) .
Recently, more ovine MSC tissue sources have been reported. However, there has been no report on ovine UC-MSCs. Our research has demonstrated the existence of umbilical cord-derived MSCs in sheep, which have been characterized based on cell morphology, proliferation potential, specific surface marker expression, and tri-lineage differentiation capacity. Our study shows that the main characteristics of ovine UC-MSCs are consisted with ovine MSCs derived from other tissues (Rentsch et al. 2010; Ando et al. 2012; Gruber et al. 2011; Barker and Wagner 2003; In't Anker et al. 2004) .We believe that umbilical cord tissue is a valuable source of ovine MSCs.
Conclusions
In this study, we have described the isolation of abundant MSCs from ovine umbilical cord. Ovine UC-MSCs proliferated rapidly, expressed characteristic MSC surface markers, and retained the ability of differentiation into adipocytes, osteoblasts, and chondrocytes.
